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b. The AOM stability 

c. Response of the flavor panel as a function of ACM and FV values 

d. Organoleptic responses of the panel as a function of 
temperature, tine, PV, and AOM values. 

It was found that the stability of the canned margarine is mainly and 
predictably dependent upon the PV and AOM value of the stock oil. Also, 
a close relationship exists between the PV's of the stock oil and of the 
oil separated from the canned margarine by thermal demulsification. 
However, no useful relationship for predicting the shelf life from the 
AOM values of the oil separated from the canned margarine by the four 
methods could be established. 

It is evident that the autoxldation of the margarine fat does not proceed 
in the sealed container, but the hydroperoxides present originally will 
decompose and cause some deterioration and development of the off flavor 
and odor and fading of the color« 

The AOM value of the separated oil is not well suited for judging the 
shelf life of canned margarine because the AOM test has been designed to 
predict the stability in the presence of oxygen. 
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FOREWORD 

Increasing reliance upon end-item inspection in lieu of inspection of 
ingredient Materials in Armed Forces procurement necessitates reconsideration 
of test procedures for specification enforcement« The shelf»life of canned 
margarine, the most widely used spread in operational rations,, had been 
controlled by a stability requirement on the base oil stock. This 
requirement was enforced by testing the oil stock with the Active Oxygen 
Method (AOM) stability test. The validity of chis test applied to the end- 
item, or more exactly to the oil phase separated from the finished margarine 
has been challenged. Two objections were made:  (1) that methods used to 
separate the oil phase were imperfect and (2) that the AOM stability of the 
separated oil reflects neither the stability of the base oil nor that of the 
margarine. It was important, therefore9 to determine the validity of these 
objections. 

The work covered in this report, performed at the Research and Development 
Center of Swift *r>d Company under Contract Mumber DAAG 17«69«C-0201 
(December 1969 - December 1970) represents an investigation (1) of the 
effects of methods of oil separation on the AOM stability of the separated 
oil, (2) the relationships between the AOM's of the base oil stocks and of 
the separated oil, and (3) the relationships between these two AOM values and 
the shelf-life of margarine. The investigators were P. K. Jarvij, 
C. A. Overley and J. V. Robertson. 

The U. S. Army Natick laboratories Project Officer was A. S. Heniek and the 
Alternate Project Officer was I. Bloch, both of the Food Chemistry Division, 
Food Laboratory, 
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ABSTRACT 

The aim of the study of canned margarine was to determine the 
relationships between the keeping quality (shelf life) and the 
Active Oxygen Method (AOM) fat stability test and Peroxide 
Value (PV) made on the oil incorporated into the margarine and 
separated from it. Methods of oil separation were also studied. 

Five margarines were formulated containing varying amounts of 
oxidized oil (0, 3.1, 3*8, 1204, 20%) packed in sealed cans and 
stored at +100°Fa and ~20

5Fo Initial and monthly samples for a 
period of six months were subjected to four methods of oil 
separation; thermal denmlsification, solvent, extraction, vacuum 
distillation, and chemical demulsification* The separated oils 
were evaluated for AOM and PV0 The margarines themselves were 
sensory evaluated for color, odor, flavor and mouth feel« 
Statistical procedures were used for evaluation of the results0 

A method for oil separation (thermal demulsification) was 
selected as basis of statistical evaluation, because it allows 
the most accurate prediction of the organoleptic responses: 
odor, color, and off flavor, as a function of the percent of 
oxidized oil, AOM, and PV0 

The results of the stability tests were evaluated statistically0 
Equations were derived for predicting: 

a* The peroxide value 

bo The AOM stability 

c. Response of the flavor panel as a function of AOM 
and PV values 

d. Organoleptic responses of the panel as a function 
of temperature, time, PVr and AOM values. 

It was found that the stability of the canned margarine is mainly 
and predictably dependent upon the PV and AOM value of the stock 
oil. Also, a close relationship exists between the PV's of the 
stock oil and of the oil separated from the canned margarine by 
thermal demulsif ication <. However, no useful relationship for 
predicting the shelf life from the AOM values of the oil separat- 
ed from the canned margarine by the four methods could be 
established. 

It is evident that the autoxidation of the margarine fat does 
not proceed in the sealed container, but the hydroperoxides 
present originally will decompose and cause some deterioration 
and development of the off flavor and odor and fading of the 
color. 

The AOM value of the separated oil is not well suited for 
judging the shelf life of canned margarine because the AOM 
test has been designed to predict the stability in the presence 
of oxygeno 
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INTRODUCTION 

The study of fat stability and shelf life of canned margarine 
involves the relationships between keeping quality (sheIt life) 
and the Active Oxygen Method (AOM) fat stability test and 
Peroxide Value (PV) made on the oil incorporated into the 
margarine and separated from it. 

The problem here is the same as is usually encountered with 
the stability of fats* The auttoxideation and the decorapositLon 
of the hydroperoxide are usually described as a chain reaction: 

DECOMPOSITION OF 

HYDROPEROXIDE 

(IMITATION) 

ROOH  * R0° 4 HO* 

CHAIN r~>R* f 
k2 

ROj» °2° 

PROPAGATION *y + RH  - 
k3 

-*■ ROOH -f R° 
1 

CHAIN 

TERMINATION 

R02° 

R02° 

+ 

+ 

R02°  " 

Ro 

k6 

i         » 

) 
) 
) - PRODUCTS 

*5 

■» ) 

Among the side products of the reaction are formed the off 
flavor and odor causing compounds« 

The results of all examinations were evaluated by statistical, 
procedures for analysis of variance and co-variance, &nd 
differences after storage were correlated with the results of 
the initial analyses and tests, both on the oil ingredients 
and on the oils separated from the finished products. Regression 
equations, together with standard deviations were developed to 
permit the prediction of shelf life of canned margarine from the 
results. 
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MATERIALS AND METHODS 

Oils 

Refined and bleached cottonseed oil used as the base oil was 
hardened to meet the solid far. index values as required in 
Mil M-10958D Military Specification, Canned Margarine Section 
3.4,1.  Results are shown in Table 1 

TABLE I 

INITIAL OIL 

SOLID FAT tNDEX VALUES [SPD 

Lot No. 
Temp. (°F) Specifications 1 2 j 4 5 

50 28.0-32.0 30.7 30 1 30 7 31,8 3,1 .9 
70 18.0-21.0 21.2 21.2 21.2 22.2 21.2 
80 17.5-20,5 18.7 18 7 18.7 19.7 18,3 
92 Ilo5-13o0 11.9 11.9 11.9 12,4 1L.4 

100 7.5-9.5 
105 5o5-8,0 5,8 5.8 5.8 5.8 5.5 

In order to obtain fat stability tests ranging from 40 to 80 
hours, a preoxidized oil was used, This was prepared by 
segregating a portion of the initial hardened oil, rapidly 
mixing to form a vortex with air and keeping at a temperature 
of 170-180°F„ After 237 hours mixing and having a peroxide 
value of 45,0, this oxidized oil was added to the initial oil 
test batches in amounts from 0 to 20%, from which the margarines 
were prepared, see Table II„ 

TABLE II 

OIL BLENDS 

Lot 1 Lot. 2 Lot 3 Lot 4 Lot 5 

20*0 
15,2 
64 

12.4 
11.0 
76 

5c8 
7,6 
87 

3,1 
2o6 
121 

2.4 
96 

% Oxidized Oil 
Peroxide Value 
AOM (hours) 

The analytical requirements as indicated in Section $*4*1 were 
followed except for peroxide value and fat stability« Artificial 
flavor was omitted to enable a better following of the development 
of off flavorso Analysis of the initial samples of the lots 
prepared are as seen in Table IIIS 
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BLE III 

ÄNÄLYSEg_ÖF^ FlNXgHED MARGARINE 

Lot     • Moisture       Fat Curd       • Salt 

1 llo3 84-. 4 loO 3o3 
2 12o7 S2o9 lo2 3o2 
3 11 „8 83o9 loO 3o3 
4 10o9 B4o7 io4 3o0 
5 12o6 82o0 io7 3o7 

Che samples of «a  eis  i        I i  Is ! 
and each lot put at °=20®Fo and 1O0®PO for aging 0  Duplicate 
samples were submitted to the Natick Laboratories,, 

AOM and PV 

The AOM and PV determinations were made-by using the official 
methods of the American Oil Chemists Society«, 

METHODS' OF Oil* SEPARATION 

Since the PV and AOMBs must be run on oil separated from the 
finished margarine, a study was made to find the best means 
of separating the oil, with the idea of improving the correlation 
between the keeping quality of the margarine versus the fat 
stability and the' peroxide value tests„ 

The following methods of separation were investigated: thermal 
demulsificationp solvent extraction, evaporation under vacuum, 
chemical demulsifIcation„ 

Thermal Demulsif loatlon g 

Place 400 grams of margarine in a 600 mi.beaker and hold at 
150-160®Fo for 16.hours (overnight)»  Decant the separated oil 
through a coarse filter paper held in an oven.at 150-160®F,, 
(Eaton-Dikeman NoD 61? or equivalent) into a container. 

Solvent Extraction s . . 

Place 200 grams of margarine and 400 cc Skeilysolve F in an 
800 cc beakero Stir by hand at room temperature until well 
mixed and heat up at the same time to 95®F0 Allow.t© stanzt 
for; a minimum of ten .minutes, decant through a coarse filter 
paper (Eaton-Dikeman 617 or equivalent) into a round.foottorn 
flask of 2-3000 ml capacity0 Evaporate. under vacuum, (water 
aspiration) in water bath of approximately 180®F„ minimuMo 
Last traces of solvent are removed by means of a mechanical 
pump with acetone-dry ice trap» 
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Evaporation; 

Place 200 grams of margarine in a 500 ml round bottom, ground 
neck flask« Melt and heat half submerged in steam bath for 
2-2 1/2 hours under vacuum of 25 mm Hg or less using a Rinco 
rotary evaporator«, When all moisture has been removed, filter 
while hot using suction through a warm Beuchner funnel (Eaton- 
Dikeman No» 617 paper or equivalent) to a container. 

Chemical Demulsification: 

Place 200 grams of margarine in a 600 ml beaker, melt on steam 
bath and add 300 ml of 30% hydrochloric acid„ Continue to heat 
on steam bath for three hours with occasional stirring with a 
glass rod. When fat has separated, decant through coarse filter- 
paper (Eaton-Dikeman No. 61? or equivalent) to a containers 

SENSORY EVALUATION 

Samples of each lot of margarine held at -20cFo and 4-100
4F, 

were removed monthly for six months. The margarines were 
sensory evaluated for color, odor, flavor, and mouth feel by 
professional panelists using as control a sample containing 
0% oxidized oil and held at -20*F* The panelists applied the 
following scale in their evaluation, 

Color 1.00 = No difference 6.00 * Very much difference 

Odor 1.00 « No difference 6.00 »  Very much difference 

Off-Flavor 1.00 * NO difference 6,00 « Very much difference 

Mouth Feel 1,00 = Poor 4.00 = Excellent 
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RESULTS AND DISCUSSION 

General 

The selection of a method of oil separation was based on results 
obtained through step-wise multiple linear regressions0* In the 
regression AOM, peroxide values and the interaction (AOM by 
peroxide value) were regressed with the organoleptic responses0 
Regressions were executed for each of the four methods of oil 
extraction, in an effort to predict the organoleptic responses. 

The thermal demulsification method was selected as the most 
sensitive method of oil extraction, since it allows significant 
(oC s «05) prediction of all organoleptic responses. Further 
examination of methods, revealed smaller standard errors (S«S«) 
and larger percents of included variability in the thermal 
demulsification method0 

Table IV shows the standard errors (S0E„) and the percent 
included variability (R2), as related to the AOM and peroxide 
values using four methods of oil extraction» 

TABLE IV 

SELECTION OF OIL EXTRACTION METHOD 

Off- Color Odor Flavor 

So Eo si SoEo si SCE o       I\ 

Thermal AOM lo2 10 -t- + 4 + 
PV 1*1 23 ,6 9 ,7 22 

AOM & PV 1*1 23 c6 9 ,7 22 

Solvent AOM •f + + + J 08 
PV lc2 12 + ■t 08 10 

AOM & PV lo2 12 + * ,1 22 

Vacuum AOM + 4- *. 4 4- ♦ 

PV lo2 12 + 4 o7 15 
AOM & PV 1.2 12 .,7 6 Jl 15 

Chem, AOM + ■f + •f i + 

PV lc2 ? ♦- 4 ,1 \2 
AOM & PV 1,2 7 + + ,1 12 

+ Not predictable ( oC ~ <, 05) 

* No Ro Draper and He Smithy 
John Whiley and Son(   IAC , 

"Applied Regression Analysis"» 
New York, N. Ys , 1966. 
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The development of rancidity in the margarines stored at 100*Fo 
and -20*Fo as measured by the PV may be seen in Figures 1 and 
2 and Table V* 

The AOM (fat stability) results are presented in Figures 3 and 
4, and Table VI» 

The sensory evaluation results of the margarine have been 
collected in Figures 5, 6, ?♦ 8, 9, 10 and Table VII. 

All of the correlation coefficients for the variables studied 
are presented in Table VIII.> Jt is our general experience that 
correlation coefficients between a physical/chemical test and 
an organoleptic result should be on the order of 0o?5 or higher 
to have any practical (utilitarian) value* However, since 
statistical significance exists above 0*23 some useful conclusions 
can be made, 

It is evident that the thermal peroxide value correlates 
significantly with the peroxide values obtained by the solvent, 
vacuum and chemical separation procedures» The thermal A0Mss 
also correlate significantly with the AOM's obtained by the 
solvent and vacuum separation procedures» There is not a 
significant correlation with the AOM's obtained by the chemical 
separation. 

Off flavor correlates significantly with the peroxide values 
obtained by all four methods of oil separation» Odor correlates 
with the thermal peroxide value only* 

As can be expected, off flavor and odor show a highly signific- 
ant correlation» Color shows a significant correlation with 
off flavor and odor: 

The percent of oxidized oil used to control original AOM and 
PV values shows a highly significant correlation with all the 
studied variations except vacuum and chemical AOM» 

Mouth feel does not correlate significantly with any of the 
variations studied {did not change much during the study)a 

Temperature has been a highly significant factor to the 
development of color, odor and off flavor, but on the other 
hand, no significant correlation can be found with respect 
to the PV and AOM values obtained by any of the methods tested» 
An explanation may be found In that the margarine was kept in 
sealed cans, with no possibility for additional oxygen to get 
to the product, so that the oxidation reaction could not proceed, 
and new hydroperoxides were not formed» However, the increase 
of off flavor and odor obviously resulted from the decomposition 
of the hydroperoxides present in the product at the time of the 
sealing of the cans. 
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REGRESSION jEfflATIONS 

By means of statistical analysis of the data presented in the 
earlier tables,  the following equations predicting peroxide 
values and AOM values as a function of temperature (*F K ?lme 
(in days), and percent oxidized oil were obtained. 

Peroxide Value « 1.52025 4- 52*76306 (% oxidized oil) 
4* o00120 {temperature)2 

~ .00143 (temperature x time x % 
oxidized oil) 

- »06923 itemperature) 
4 1*99272 

AOM Value » 63.23406 - 546o07771  (% oxidized Gilt2 

+ 87o09573   (% oxidized oil) 
* 5.82410 

A set of equations was also developed for canned margarine fcr 
predicting the organoleptic responses of the panel (without 
the time element) as a function of the active oxygen method, 
peroxide value, or their squares« These equations may be seen 
below: 

ORGANOLEPTIC PREDICTION EQUATIONS 

Equation Std„ Dev*  Std, Dev from 
from Means Regression       R~# 

Color  «1.5317 + ol457 (PV)     1.2388       1.0961        23 
«21.478 - ,5506 (AOM) 

+ o0040 (AOM)2  1*2388       1.1930        !0 

Odor   »1.6324 + .0505 (PV)     „6843        ,6576        09 

Off Flavor «1.84694 +.0907 (PV)    .7875 '010 22 

*The percent of the total variance of the response,  explained by 
the regression equation«, 
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For actual shelf life prediction of canned margarine, this meaning 
the organoleptic response of a test panel at any given time, 
equations were formed by using the PV and AOM values of *he 
initial oil and oil separated from the initial margarines. The 
derived equations are: 

1.   EQUATIONS PREDICTING ORGANOLEPTIC RESPONSES OF 
THE PANEL TO CANNED MARGARINE AS A FUNCTION OF 
TEMPERATÜRE (*Fo), TIME (DAYS), PEROXIDE VALUES 
AND AOM VALUES 

Note: The peroxide values and AOM value were 
derived from the initial oil before the 
addition of milko 

COLOR - -1.02470 + ^000004 (temperature x time x peroxide 
value) 

•f ,00913 (peroxide value)2 

+ =00032 (temperature)2 

+ c02171 (AOM value) 
- „01614 (temperature) 
•f .80555 

ODOR * 1,99533 4- »000003 (temperature x time x peroxide 
value) 

-*• .00038 
T .00006 
• .01077 
+ .48004 

(temperature x peroxide value) 
(time)2 

(time) 

OFF-FLAVOR 2.02078 + ,000002 (temperature x time x peroxide 
value) 

f .00374 (peroxide value)4 

* ,00006 (temperature x time) 
+ ,44837 

MOUTH-FEEL « Not predictable 

2.   EQUATIONS PREDICTING ORGANOLEPTIC RESPONSES 
OF THE PANEL TO CANNED MARGARINE AS A FUNCTION 
OF TEMPERATÜRE <*F*J, TIME (DAYS), PEROXIDE VALUES 
AND AOM VALUES 

Note: The peroxide value and AOM values were 
derived from the oils separated ftem 
the canned margarine before storage« 

>• 

. 8 - 
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COLOR =* 1*24014 ■*• ,000006 (temperature x time x peroxide 

•00576 
c.00034 
c.00028 
o78447 

value) 
(peroxide value)* 
(temperature)2 

(temperature x ACM value) 

ODOR = 4 o 61219  -*• • 000009 

■f 

04093 
00042 
00006 
01076 
,45837 

'[temperature x time x per OK i de 
value) 
(AOM Value) 
(temperature x percxide value) 
(time)2 

{time) 

OFF-FLAVOR * 2o17110 + „000C07 (temperature x time x 
peroxide value). 

+ »00429  (peroxide value) 
+ o00006  (temperature x time) 
- o00002  (time x AOM value) 
+ .43801 

hi 

! 

MOUTH-PEEL * Not predictable* 

To evaluate the shelf life prediction equations,  a set of 
values was computed by using the data obtained in this storage 
test study of canned margarine. The results are presented in 
Table IX# As may be seen it is possible to predict the shelf 
life of canned margarine with reasonable accuracy. 

Another way of using th« obtained prediction equations is to 
assign constant values for the temperature, and AOM to be 
inserted in the equations. In this manner the theoretical 
development of color, odor and off flavor can be computed as 
presented in graphical form in Figures 11 and 12„ 

During the study it was observed that the AOM stability test 
was not the most reliable for predicting the shelf life of the 
canned margarine. In spite of using four different methods for 
oil separation, only one method (thermal deraulsification^ was 
found which responded to off flavor, odor,  and color changes 
in simultaneous correlation with the AOM stability *nd peroxide 
value. 

The level of oxidised oil which determined the AOM and PV level 
of the initial oil was most meaningful for the development af 
rancidity as measured by chemical and sensory analysis, The 
temperature affected the sensory evaluation moze »nan the 
chemical analysis. 

.. 9 - 



Generally speaking, the canned margarine was very stable against 
chemically measured changes. At -20°F. hardly any changes were 
observed« 

The mouth feel of this type of margarine is substantially 
different from our regular table grade product. This difference 
was so great that difficulty was encountered in making the 
sensory evaluation. The product does not have the customary 
flavor rolease. 

The greatest physical change was observed in the fading of the 
color at the elevated storage temperature revealing the 
destruction of the used coloring material. 

Since it was observed that the oxidation stability of the 
margarine in sealed cans was very high, it would be possible 
to package regular table grade margarine in a similar manner 
for selected military purposes. 

- 10 



CftUI 4=-U) IOHH 

Q o o o o o f* 
& c+ d d d d » 
tr cr tr D* ?r D* M 
O) 0> 01 en to 

HHHHHH 
VJHOHOfO-fcrtO •   ••*••• 
W 4^to O\t0 COjsr 

HMMHHHP 
»•ff«** 
O0v^*00^rf0 4=- 

H H 
ui-^acovooco 

f0 GOfO 4="C\4i-4=- 

£B05£PO?vp CD CD 

«♦vCoro^OCTx-^ 

•   »»»••• 
^CQCOCQC^CDON 

U)O*a>Wf0 
HO\WOOWO 

nrowwrororv) 
*♦••#♦• 

ro ^-I^ONO o o 

CTWJl -fru> 10 H H 
* « 8 31K £ & 
OO O O O O d 

C+-cf cf c+cf d-S» 
Ö* b* jy & D* D* P 
co n ea w co 

4^robaNCDCofc 

HHHHHH 

foo4=-focoto 

H      HHH 
voovooood 
roocoococoa 

H 

H 
o 
o 

o 
*1 

rovovpvovovoa o 
ocöfofooroa *J 

HHH ^^   JH 
Vp-£rOHHO-JJO 

I 

vocococococo-^o 
0\COfOCOOOa}»3 

-*3 0\vjicoo\vjito 
i=-a\<*ro o b ro 

uicowuj wrote 
rocoo-p-o\a\ro 

H 
o 
o 

o 
►3 

I 
ro 
o 

o 

H 
ro 

<J0 

P 

I 
g 

o 

o 

p •a: 
H      to 

s 

SB 

a^Vcocofo coro 

HWIOHMMfO 
•        »••••        0 

4=-coi\>a>.j^cofo 

bfoVboooNa 

UlU)t0ü0 4=-fOfO 

o 
o 

i 
ro 
O 

© 

-   11   - 



- zx - 

«I 

c 
o 
CO 

i 

<? 

o 
o 
H 

vo mvo .=t OJ OJ o 

OQCOOJ cvJ OJCOOJ 

'.OfOOJO-^^-VO 

onuW-W-vo OJ OJ 

o ojocococoo 

OJOJ OJH HH H 

o OJ^-CO^J-COO 

OJ OJ OJHOJOH 

H 

CO 

o 
O 
OJ 

I 

ft 
o 
O 
O 
H 

OCOOOOOJVO 

OJH OJ OJOJCOH 

o OJCOOVOVO o 
•     ••••«• 

OJ uvt mirxoco 

OJC-OJOJ O O OJ 
• 0 0 • • • • 

WriHHHHH 

OJOOVOVOVOO 

OJ OJ OJ H OJ O H 

T3 

Ö 
•H 

O 
O 

§ 
H 

i 
H 

8 
a 

EH      > 

CO 

in 

HI 
OJ 
H 

0 
O 
OJ 

I 

o 
O 
o 
H 

Q 
o 
OJ 

I 

o 
O 
O 
H 

O t-O^-^-OJO 

COCOCOfc-t-OO l>- 

OCO 0JC0C0O o 

COO OAt^COHCO 
H H 

0W4 0 044- 

voo\cocococoo\ 

OVO^COOJOJ-* 

vd H o\oo o t-co 
H H 

VOIS-OJO OJCO-sf 

vo^t^rocooco 

(omvocovocnco 

^OCOVOHOO 

-=ftnvo-=fr rococo 

«I OJ 

H 
•H 
O 

X 
O 

o 
O 
OJ 

I 

o 
o 
O 
H 

vooocnojojcnco 

O00-=t OJCO^tCO 

vomo ojHHco 
r™1 rH rH H i  I H 

CO^^OJOOCO^- 
•  •••••• 

C*-VO ISO.s|-VO^- 

covovcojvoojco •     •••••• 
t-c^coirwo-sffo 

I
n
i
t
i
a
l
 

1 
M
o
n
t
h
 

2 
M
o
n
t
h
s
 

3 
M
o
n
t
h
s
 

4
 M
o
n
t
h
s
 

5 
M
o
n
t
h
s
 

6 
M
o
n
t
h
s
 

I
n
i
t
i
a
l
 

1 
M
o
n
t
h
 

2 
M
o
n
t
h
s
 

3 
M
o
n
t
h
s
 

4 
M
o
n
t
h
s
 

5 
M
o
n
t
h
s
 

o 
M
o
n
t
h
s
 



F 
•.--,»».^,-sa'5VT»¥^^-•I=•^T'-CP^•T■^VVt'r*-',-- E»»*»» •*" 

- ei 

f> o n a» o o CM 
VO f** VD VO P* VO VO 

f 1 H N in H 00 o 
VD <£> VO CO VD VD f- 

VO iH CM H CM ^tf CM 
^ vo in vo vo ** »n 

vo m o* co vo in en 
v in m •v i/) in n 

fa 
u 
O CM en en co r* in vo 

<*J CM VD VP VO IT) VO Vß vo 
H 

-> 
» 

<n 
fa 
0 
o «NMOHCOOm 
o vo in ^n vo in vo in 

•v vo vo vo vo vo vo 

en m <<* H vo vo ^r 
^ in in in in m m 

H 
> 

fa 

Q 

< 
a, 
w 
CO 

H 
o 

Ö 
til 
D 

H 

§ 
U 
H 
fa 
H 
cn 

CD 

co o»f* H in co c» 
vo vo vo f» vo vo vo 

co r*- en *r <« r*» o 
vo vo in vo vo in r- 

M 

B 
g 

r*- en H en in H co 
vo vo t*» vo vo ?*•• vo 

f*» ** vo en *# en o 
vo vo vo !>• vo vo f* 

o 

m «H vo vo en © H 
in vo vo vo vo r- r* 

moonyjfof o 
m m m wo u> ic 

r- ci a H OO co co 
VO VO !>• r»> VO V© VO 

NflOlfiHOOH 
vo in oo vo co en vo 

o 

•H 
o 

"0 
•H 

s 

o en CM CM <>* H in 
vo in vo vo ^r *o in 

vo m m in in in r- 

0) to « w w 

iTJ 4J -P AJ p 4J -P 
•H c « fi p: c s 
«u o o o o o o 

H w CM m «vr vn vo 

vo in CM en o vo ro 
in in vo in o m in 

VO rH co r«. vo o co 
m in vo in vo r- r» 

m w « w w 
HÄ fifi ,C 5 Ä 
«J 4J 4J 4J +> -p 

•H ß  CJ C c c G 
iJOOO 0 (i £ •HSSS s; * 

H rH CM rn •«*• in vo 



r 

-ri- 

tt 

HHjninovooj 
m vO m VO vo VO VO 

r-, oo ro oo co in r- 
in vo in in in vo vo 

eg in vo f- vo co co 
co co <«r CM CM CM ^* 

co co co H CM co co 

co 

in co co t o in co 
in vo in vo vo vo vo 

in co CM in vo H in 
in in m in in vo vo 

CM H CM ^r ro r» CM 
fO ^ t <N CO N O* 

M »HVON Hlfl 
co co co CM co co co 

C 
•H 
-P 
c o 
u 

> 
w 

2 
O 
H 
EH 

3 
H 
£H 
W 
M 
Q 

S 
D 
D 
U 
< 
> 

in 

04 

g 
fa O 
o H 
O ro vo CM r* H vo in EH 

? in vo vo vo vo c^ oo < 
U 
H 
fa 

fa H 
o 03 
O ro r- r- ro rH oo CM »■3 
O in in in vo oo m crv D 
H I 
fa ä 
o Ü 
O ^» CM rH CM ^ CO CM H 
CM 

1 
<• vo vo vo vo vo 00 

fa *-* 
0 
O T f- O O H H CM 
o * m vo vo vo r* o 

CM co vo oo co vo r* 
CM CO ^* *r m ** m 

CM rH cr» in en in co 
CM CM CO CM co in «* 

r» H VO CM CM CM r-H 
(V *r rr -* xr vo vo 

r* CM co o oo in a* 
CM in co co in in ■*• 

0P ° 
CM] 

o r- «* -c r-» co o 
in m m m in <* vo 

O CM M rH if co vo 
in CM * in vo in r- 

^> CM H vo oo H oo 
CM «H **• CM rH *f «* 

«T rH CM Is» rH CO O 
CM ««r ^ rH in co ^ 

o 

H 
X 
o 

to w 
JC -G 
U -P flj 

H   C  C   C   G   G 
■P o o o o o 

G 
M ^ CM co ««r in vo 

w V? w w GO 
rH .£ .CCC .C «-* 
«3 ■U 4J ■p •P 4J -P 

■H c G a G G G 
■P Ü   0 £ ü 0 U 
H 
C 

ss s £ X 
rH IN CO ^ in VO 



- y-p-wv-»'-"— -'.* 

-  SI  - 

o 
o 
Oi 

l 

mo o-co 
OiO COr-i 

*»     ♦      »     • 

H CVJ CM H 

vc rot-o 
COO :frO 

• • * A 

O H H H 

VD lT\C^-CO 
inN-vo^ 

• > o • 

HH HH 

t^-ococo 
H OJH Ov 

H H H O 

o 
o 
H 

iTiO f>-CO 
OJ O CO H 

HOJOJH 

HOOH O 

OJH OJH 

CO COO IT\ 
OO IHH 

0O0J COH 

HOVt-3- 
tncoo>co 

H 

o 
OJ 

o 
o 
o 
H 

cooooj w 
CVj CVJ C\1H 

H H mm 
COCOOJOJ 

OJOJ OJH 

0V*.5rO 

OJH 04 H 

-cfOj^-O 
00 OJO O 

COCUCOH 

H offnen 
vo in coo 
OJH COH 

COH coiX 
O HCOH 

WWHd 

c^-trvovo 
VO OINH 

H OCOVO 
LTUJ-HOJ 

•    »    •    « 
4 H OJ r! 

O 

§ 
H 

H      B 

W 

c 

CO 

m 

o 
O 
OJ 

t 

o 
O 
O 
H 

fri 
o 

"Ss O 
-^ OJ 

1 

OJ 
1 

H i*i 

CO 

o 
O 
o 
H 

H-3-mn 
COCA CVJ CO 

♦     «     •     • 

OJH OJH 

H-=MAH 
CO ON OJ CO 

•   •   •   • 
OJHOJH 

N-OOC-OJ 
COHCOH 

OJ OJOJH 

t*-C0f-0J 
COHCOH 

OJOJ OJH 

I 
8 
co 

H 

irvojvoo 
mojcoo 

HHHH 

incg^o 
COVOlfVO 

-=frH OJH 

movio 
OJHOJH 

tncTvcgo 
irut-voo 
CVJ H OJ H 

CO COJ>« CO 
ö*t voo 

»     »     •     a 

OJHHH 

^    t-moo 
K        •   •   •   • 
O      COOJCOH 

O !>-OVO 
COO O0> 

•    •    •   • 
OOHCVJO 

-=fCACOH 
OJHCOO 

•   •   •   • 
OJOJ COH 

CTit-CON- 
•=f c--com 
HHOJH 

CVJ^tCON- 
O NcoK •   •   •   • 
•4- HCOH 

OCOOCO 
COOMN-CO 

OJHOJH 

COOCOVD 
•       0       •       • 

OJOJCVJH 

Si 
i 

o 
O 
O 
H 

tnH^ON 
0JC0O.H 

OJ OJ OJ H 

IAH-^-ON 
OJCO OVH 

OJ OJ OJH 

0j4tC«-O 
OIfO-=fO 

OJ OJ OJ H 

COOJ-3-O 
coco coo 
-4" OJ CO H 

voovoco 
OJ OJCOO 

VO C*-l>~0 
OMT^HH 
♦   •   *   • 

-4- OJCOH 

ins-vo^t 
VOO00 0J 

•     •     •     • 
OJHOJH 

ov±ovo 
a>voojH 

•     •     •     « 
lACO^-H 

I 

H 
*H 
O 

'O 
Ct' 
N 

•H 
Tl 
•H 
XI 
O 

0) 

H <H 

O k 
H O 
o-o 
oo 

^H 
O CD 
> u> 
ttf&« 
H 

<H   O 
OS 

a; 
Ü  (0 
C O 

u $ 
Ö Js 

Mr;   .. 
Or* 

O ^   I 
H 0<H 
o^ ^ 
ooo 

etf&< 

o 
X 

X 
C  0) 
C V 

u ® 

^^ 

O fH 
H O 
O 03 
Oo 

a> 
a <u 
C a 

2S 
hH «>H   3   »HH 
O Q) <H SH O CD 
^r1' •H ^H > CD 
05 En PH aSfr 
H ÖH 
t^ X5 ^      P««Ä 
J "E O h   i  -p 
^H  0 H O«^ 3 
<H    O O'O^ O 

ÖOOS OX 



-  9T - 

: 

* 

H 

m 

o 
O 
<M 

I 

O 
O 
H 

&< 
o 
O 
cu 

I 

o 
o 
o 
H 

H H ONCVJ 
OJ fOOJ CVI 

H H H H 

CO HHV£) 

0JCO<Or-i 

m.vD mcvj 
ChHCOCvJ 

H H OJ H 

COCOH00 
VOOJCOO 

H OJHH 

OIOCOON irv=MnoS 
HHHO 

■3-co men 
OJH OJO 

OOJISQ 

0J0JOJH 

inc^-mo 
C04HO 

cvjifMAirv 
•      «      •     • 

HHrlH 

ojvot-oo 
cvjoinco 
cnoiooH 

OJOSCOO 

HOHH 

cvjcgmo 

T3 
(1) 
3 W 

p 1 
o s 

CO 

H £ 
Ö 
w § 
ä ^t- 
< 
H 

0 J 

O 
o 
CvJ 

I 

o 
O 
O 
H 

P«4 
0 
O 

>R1    CVJ 
t 

o 
O 
o 
H 

CO CO COO» 
H mc^-H 

CVJHH H 

UM>-CJ\CO 
t^-OMAO^ 

mcvirod 

r*vOOJ.=*- 
roHvo m 
OJHH H 

t-o cvj in 
ChO^O^fO 

HHOJH 

0 

CO 

IA 

mcvjHO 
COsJ-COO 

•    •    »    • 
HHHH 

minc-o 
COH roo 
COCVJfOH 

ovtf-mvo 
HCVJCOH 

CVJCVJCvlH 

Tncomo 
OJOJCOH 

orvocno 
« • • • 

rtrtrtH 

0M>-O>(n •   «   •   • 
fncvjcvjH 

Q      HV0C\i<& 

v£ 
tnCAJCMO 

$8 feg 
cornrÖH 

«I 
C\j 

O 
CVJ 

I 

Pq 
0 
O 
O 
H 

CVJ CM-3-CO 
cocvjino 
OJHOJH 

r>-ov3-o 
mcvj^j- H 

vo-=t-oo 
CVJH OJH 

CTkVO CM ON 
OV=f OJC7* 

ir\aWo 

«   •   *   i 
C\J 0J OJH 

voiAojcq 
ChOVÖH 

»    •   *    I 
lA-sf-st-H 

H 
•H 
O 

•a 
(D 
N 

•H 

•H 
X 
O 

0) 
o 
ß 
0) 

CO 

P 

O u 
H O 
OT3 
OO 

H 

-p 
o 

0> 
o 
c 
U 
Q) 

H<H 
PH 

O U 
H O 
O 'O 
OO 

fcH 
0 <U > a> 
aJPn 
H 

1 -P 

*-« O ox 

0) 
O i) 
ü Ü a> e 
0) 

O U \ -P 
H 0<H ^ 
0»0^ O oooSS 

ft) JHH 
O 
> 

L 



V 
•^TW^»f*,nrv7i:*n7,,i^^^^^ ^.^r"^^ ^•/■^nT,>,73.r^j''fl"'''-"^'' ''^"v^rvi'-f' ^>"-*«*T'*'\ V»     -   - --    -       v 

• t 

- Z.I  - 
•- i 

£ 

(U                                                                                                                                   .L.                        ^_                       «JU 

f>-0 O UV&JtVftVO OJ IftlAOJOO coo 
OHMSH O < ^1      O    . HstHOOOHHH O^f H mH O 

'■ 11%                                         H in 
O 

« #             £             V             #             #    &    #    #    # 
> cr>.=t cnt-ovt c o CVJCO OJVO mo d 

' 

O or, W £ H O «S »4        • 
fa 

o cv; c-oi H (ncuco CVIOO COCO OJ o 

1                                 1           .»                          1   r-i 
ijc                                        #   #   #         * 

OJoo mmo CVJVO ■=**<& b-voco o 

4 
fe ^-x 

S H U~\H OHOOHmOJOJHO p c*- 
" X o CD ;o Jg    Q (T^ VO 

< ill                  1        1        I H ^ 
H 

' • ##        $         *   *   *   *   * Ä 
> 0Mf\sfr-tf HOD t-cncvt mo -p •» 

; 
r ><JlOÖPg 

Hi 
oooocncucoi-i cnmcrvoj o 

I                        1         i            H 
#                *     * * 

in 

£ infr*-tf\.2frv£> oivoco oj mo Ö • 
; CO   0^>WJ25B        Q 

< 
HHCOOOHHOJOJcnO o PU 

i- 
1                                1                   H -p •\ 

o3 H 
• «4c       $       # * * H H 

> 00^*' o mo OJ CftH OJ o <l> < 
CO O »-3 > « 55 B OHcocoHcnHONono h 

fa •     •«••«•«•• ^ 0) 
■ I                        I         I H o 

o 
H 

s 
$                     &   ic   + 

vo minovovo CVJ t-o •p 
aj 

EH 

< 
HOOJOJHHcncno 

0 o ■ ,- 1          1          II          l  H •» 
! •H-H CO 

2* *   *   #    *             # +><H 'O 

| s 
• ^•OJOJGOO C--OJO 

HHCO^hCO^HO 
<ÖH o 

<D tfl 5 
H fa 1  H ^•H <i> 
Ü 
H 

H        fa vooso o-=j-o 
0 
0<J 

s 
H 

!                            H      fa SOÖtiÄ     fa pqpq^ HHHOOO O 
+> II 
Ü 

aj 

1         1       H •H 
J                           o O 0) ■p 

\                 Ho 
*     # * * * <M   > w 

O fa fa       ft^OoW OJOJCOLAHO ^ o •H 
VOH4NVOO a>.a •p 

oJ     H P< d aj 
i                          ^     g H 

II ^ 
+5 

M *     * * * o 
'                                   FH o P O K OJHOO mo o 
*                                  A inoioi^o om »1 

FH O OJ s '                8 H •        • 
H* H >_ #     * # £ 

; OOJO« \0f04-0 a 
^_ ITtH mO o 
! •         0         •         • 

H 
Ü 

i • 
j •3* CUO o 
• >R     OHiJ OOO 
1 e      •      • • 

1       H !* 
! 

* T3 
• OJO s . 

E4HSW HO 

! A u 
o 

! # 
Ü 

. 0 O •o : 
BWSfa      fa O d) 

■ 0                                                                                                                                                             • CJ 
k H                     ^*    „•           >£ w 

j > X > S   •      • o 
H       ^     .Q •o>xpi<j: • 
•H            pHP«<P<<J    *0 &B 
O               >  O                          p< <U rH H 

1 o           •            (ÖOHH-P-P            <0CO • 
i o 
j 

: 
: SI S O H  O'i-CÖOOHrMOüiUQ) 

1 

: 
B trOfcü C O X P 6« CO CO > > Ö Ö 

; 

| 



-  81  - 

o 

% 
H 

M»IOmo CVJONCOVOt^o i>-(ot--.=frmn,*-<co 
HcoocoincjincoHinvoovocovoo coco torn 
COCO COH CO^COCOCOCVJCOCV] HCOHOJCVJHOJH 

coooo H ONCOOOH co^-ovo m»>-cocvjtncrv 
t*-mco b-H o ro^ ^t^tvo^vo t*-^t CO^-H o t- 
Cvivoco coco.=t ovo cvj H i>-t*-.=tvovo H CVI H I*V=* 
^■ONVO-^-st CVJb-rOOOt«-COH CTvOVO cviococo 

COCVJ CVJ cvjcvj-sfcococococvj CMCUHHCMOJCVJHH 

o 

EH 

g 
H 

H 

w 

£H 

a o 25 H 

s 8 3 e -P 
M ss ü 
W S> < 
CO o? JH 

S w 0 
H T3 
O Q) 

CO O P 
55 Ü 
o •H 
H 73 
H 0) 
o JH 
H PH 

PM 

> 

0)  (0 

H (A 

t-o\t-H covo^- in^-=f-sj- t-cooMnm.^ cu cu o 
ITSH COH O-=fC0 H-=tOO O O-cf lf\t*-^f cvt-s*- CU^f 

WCVICyiWWfnoJwWHWrlrlririHWHWH 

Ht-t-rn   covovo 
VOHOOONH oioin 
HO0 0\r-t CftOV^VO -5f 
-=t H o\t*-vo oSvo cooler* 

5omcvje-t-g\ 
cot-i>-covoo> 

COCOt--=£ OCQCQ 
inin^invovovo 

CyiOJHHHOJOJWHHHHHHHHHHHH 

vo-=^^MX>oo crv^MrMnt-^toooHvoc^ONCOooj 
CTVCU c*-o o oMnoooo-sfvöoo ovo invo H oo-sf in 

^OJ(OOJCOinWCO(OOJOJCOCViCUH CVJOJHGJH 

CTvCOCOVO      OVfr OV=t-O\0M>CM      JACOOITSQ 
o^a\a\CM inn mroinoHMAojH CVJCOHCO-^' 
it c-irvH mcu t»-coo CM in CM o o uvt-5 rfSoo co 
CVtAH COt'-ONOVH/^-COCOHCO H m^O l>ö m 

^COCOCOCM^COCOCOCMCMCMH CMH CM CMH CMH 

vo b-co CM o^vo t-oo CVJ owo t-co oj crwo t--CO CM o> 
H H H H 

Cd OVOVO^f CVJ OVOVO-3" cu ovovo-=t CVJ ovcvo-=t 

inn e—CM OJ inn ^CM CM IAH t^oj CM mn is CM CM 
HH rtrt Hrt r4rt 

OOOOOOOOOOOOOOOOOOOO 
vo vo vo vo vo m m in in mvo vo vo vo vo m m m m m 

riddrlH HHHHH 

(DO 

OOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOCMCMCMCMCMCMCMCMCMCM 
H HHH HHH H H i-i   I    I    i    I    I    !    I    I    I    I 

. 



"^T^"vyap-* »7OTT'"^wI*"*?i?*'*>l*Vl;,W**FS^ *■ 

-   61   - 

t-coo coo cvi ovc-covo t~o t-rob-Äj- inn is-oo 
H cooco in CM incon in^o o^o covo o coco com 
cnrofOH co=t rococo CM COCM H COH CM CM H CM H 

ininHco t"-HcoHO\Hcoa\cr\a\rooMr>rot^-in 
o CMCOCT\COC-MD C-MO.=J- CMVC CMVO-3-N-r~-=J- o\vo 
CVJ incovovo^tCMtf-coco c-t-H CM cot-coco t-c- 
CT\H OiniACJHC^HH^-CAJCvJOO COONCO t-fr~ 
CO CO 00 CVJ CM in^j- CO COCO CM WWWOJCUHHHH 

T3 

■p 
o 

•H 

2 

t-o.t-H covo-3- mi>-J±.=* C-COO\iniA-=t CM CVJ o 
UT\H COHO-=fCO H^fCOO OcJ- int-zfr CM-=t CM-=f 
CMCM^CMCUCOCMCMCMHCMHHHHHCMHCMH 

O\H CM HVO r~inina\co CM COMO t~o\t~-=tco\o in 
OMTiopvo co in co in o\av=r H ONCMVO avtco CM C- 
coco-SF inmovo^- CT\CM in ?-.=»• o t*-oo crvco cot- 
O CMHCOCO-st-HO^HCM^-CM CM VO MD CO CM CM t-VO 
COCMCMHH^-COCMCMCMHHHHHHHHHH 

CM 

§ 

I 
vD^f t-coco ov^- lAint-^ oco HMO t>-o\coo CM 
O\CM i>-o o OMncooD^tvooo ovo invo H co^t in 
-=t CMCOCM COIACMCOCOCMCMCOCMCMHCMCMHCMH 

t"-0\COCMt-VOCMU>OOCOO      CO CM C\ ON 0>MD O 
CM MO t-ncoovCMcooc^H^Hincrvt-coMDHf-i 
co CM MO H o a\ o co co^t t- co in co^f H COVO H CM 
vo in coo ocno^Hrit-HOc«-isvoocht»-i> 
.=* CO CO CO CO UV* COCOCOCM CMCMHHCMCMHHH 

O t-CO CM COO C-CO CM COO t>00 CM COO t«-00 CM CO 
VOvOVOVOV^VCVOV£)VO\OVOVOVOVbMDVOVOVOVOVO 

CM CO CO CMMD CM COCO CMVO CM CO CO CMMO CMCOCO CMMO 

^tCOt-CMCM^t-CO t-CMCM-^CO t-CM* CM ■=£ CO b-CM CM 
r~i rt r4 H 

<D to 

•H aJ 

OOOOOOOOOOOOOOOOOOOO 
MDVOMOMOVO in in in in invo MO MO MO MO in in in in in 

(DO 

OOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOCMCMCMCMCMCMCVJCMCMCM 
HHHHHHHHHH   I    I    I    t    I    I    I    I    I    t 



r <© 

GC 

! 



r«'«»KW/»WU»W,!IVPJVj!IWJ5Ji-»W^.7W«^ 

us 

r   CO 

U tr> 

L  **• 

U  ro 

CO 
•«* 
OS 

CM     ^ 

co 

o 

C\J 

21 Ad 



r 

o 

IL. 

2: SL 
co2 

#o ULfi 

CO 

» 
—I 
«< UJ 

3 Cd 

CD ac 
X o 

o 

r-   CO 

- IO 

- «cf 

co 

- ro 

- OJ 

CD 

CO 

-^ 
kl AW 



B^.H/^.-^^M^'-)^,'-A^^j»Jg^^ -' **" 

£ CM 
UJ 
co . 

CO CO 

o 

CD 

X o 

23 NOV 



CO 

UJ 

QC 

<J> 

tu 

r  «> 

-  tr> 

co 

ro 

Cd 

o 
C\J     CO 

iß      ^"        ro       M       ' 

30N383JJIQ »0103 
24 



f. 

I 

C£> 

33N3H3JJIQ »0103 
25 

-  ir> 

-   PO 

</> 

o 

9S 

C0 



UJ 

io     *r      po      CM 

30N3HBJJIQ MOGO 
26 

co 

UJ 

o 
<VJ       CO 

I   o 



r-   <*> 

h   *0 

CO 

30N3H3JJIQ H000 

\- ro 

UJ 
CO 

OS 
o 

i- CJ   co 

J   o 

27 



r-    CO 

30N3H3JJI0 MOAVIJ JJO 
28 

%n 

- «a- 

- to 

CO 

<=> 

U_l 

CD 

-    C\J     CO 

o 



p.y.Mi.a^i.tiMj^VuWli^l^i.^llW'W 

Owl 
I 

55c 

r   <X> 

- uo 

CO 

as 
OS 
-«: 

UJ 

i <tf> 

o 

u. o 

~T— 

CO 

-I— 

CD 

oe: 
o 
I— 
CO 

CVJ   

29 



FIGURE II 

THEORETICAL SHELF LIFE OF CANNED MARGARINE 
TEMPERATÜRE IOO°F, AON 65, EQUATION 
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60     90    120 
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INITIAL OIL PV'S: 0.5,4.0,8.0,16.0 
+1.00-NO DIFF. FROM THE STANDARD 

6.00- VERY MUCH DIFFERENCE 
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FIGURE 12 

THEORETICAL SHELF LIFE OF CANNED MARGARINE, 
TEMPERATURE I00*F, AOM 65, EQUATION 2 
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